This study evaluated the effect of artificially accelerated aging (AAA) on the surface hardness of eight composite resins: Filtek Z250, Filtek Supreme, 4 Seasons, Herculite, P60, Tetric Ceram, Charisma, and Filtek Z100. Sixteen specimens were made from the test piece of each material, using an 8.0 × 2.0 mm teflon matrix. After 24 hours, eight specimens from each material were submitted to three surface hardness readings using a Shimadzu Microhardness Tester for 5 seconds at a load of 50 gf. The other eight specimens remained in the artificially accelerated aging machine for 382 hours and were submitted to the same surface hardness analysis. The means of each test specimen were submitted to the Kolmogorov-Smirnov test (p > 0.05), ANOVA and Tukey test (p < 0.05). With regard to hardness (F = 86.74, p < 0.0001) the analysis showed significant differences among the resin composite brands. But aging did not influence the hardness of any of the resin composites (F = 0.39, p = 0.53). In this study, there was interaction between the resin composite brand and the aging factors (F = 4.51, p < 0.0002). It was concluded that notwithstanding the type of resin, AAA did not influence surface hardness. However, with regard to hardness there was a significant difference among the resin brands.
Introduction
Much research has been carried out to analyze the mechanical and esthetic properties of resin composites 21 in order to find an ideal material to replace lost dental structures. These studies have led to considerable scientific, industrial and technological development over the last few years, demonstrating their increasing use in anterior and posterior teeth 6 . Currently, resin composites occupy an outstanding place among restorative materials in Dentistry 26 . Resin composites were introduced in the 1960s for the restoration of anterior teeth 3 , showing good durability. However, in posterior teeth, due to the great masticatory forces they are subjected to, an evaluation is needed.
Hardness determines the degree of deformation of a material and is generally accepted as an important property and a valuable parameter for comparison with the tooth structure 8 . To assess hardness, tests based on the materials' capacity to resist the penetration of a tip are performed, and the Knoop hardness test is the most commonly indicated method for resin composites 6 . A Broad knowledge of the physical properties of dental materials is important to understand the mechanical behavior under clinical conditions 24 and their satisfactory performance is determined by its resistance to degradation in the oral medium 13 .
There are some drawbacks to evaluate materials in vivo due to the variables, as for instance differences in the diet, ph of the oral cavity, microbiota, the operators' skill, restoration methods that are difficult to standardize, differences in the required treatment and time factor 20 . As for time, the major problem stems from the rapid industrial development and the insecurity of professionals due to the large number of commercial brands available in the market 12 . In order to predict the relative durability of the material 4 , laboratory methods are used, such as the Comexin system 12 , which simulates the conditions of the oral environment to combine an analysis of the behavior of materials not only under occlusal forces, but also considering the complexity of the oral environment, which involves another aspect of degradation, in a faster and more standardized manner 16 . This system operates through pre-fixed cycles of ultraviolet light B with radiation between 280/320 nm, temperature variations between 0° and 300° indicated by a precision and humidity thermometer, by condensation with distilled water saturated with oxygen, simulating destructive forces of nature 12 . Some authors 14, 19 have reported that an increase in the load percentage results in less water absorption and greater strength of the material. By promoting the degradation of resin composites, accelerated artificial aging may reduce the mechanical properties by degrading the matrix and altering the structural distribution of these particles 9 .
Thus, factors such as the type, number, size and distribution of filler load influence the mechanical properties of resin composites, such as surface hardness 29 . Therefore, this study proposes to demonstrate the effect of the accelerated artificial aging method (AAA) on the surface hardness of 8 types of resin composites with different compositions, available in the dental market.
Materials and Methods

Materials
For this study, 8 light-polymerized resins were used, specified in Table 1 .
Accessories and equipment
The accessories used were: Teflon matrixes (composed of three components: the base has a plunger with an outer diameter of 8 mm. The spacer, 2 mm in height and 8 mm in diameter and a component that has an inner hole of 8 mm diameter to insert the plunger into the base. This matrix was used to prepare the resin samples (measuring 8 × 2 mm), Ward type manual condenser (S.S. White, Rio de Janeiro, RJ, Brazil), dentin curette (S.S. White, Rio de Janeiro, RJ, Brazil), glass slide, Ultralux EL photopolymerizer from Dabi-Atlante (Ribeirão Preto, SP, Brazil), silicone Rhodiastic 303 (Paulínia, São Paulo, SP, Brazil), polishing superfine dental kit Sof-Lex Pop-On, (3M Dental Products, St. Paul, MN, EUA). The Teflon matrix used was perfectly smooth inside, thereby meeting the necessary requirements to obtain regular test specimens that were easily removed from the matrixes.
The tests were performed in an Accelerated Artificial Aging Machine for non-metal materials (C-UV) and the Shimadzu HMV-2000 microhardness tester (Kyoto, Japan) of the School of Dentistry of Ribeirão Preto.
Method
The test specimens measuring 8 mm in diameter and 2 mm in height were obtained with a Teflon matrix. The material was inserted into the matrix in two increments and when the resin settled in the matrix, it was light polymerized with an Ultralux Electronic device (Dabi Atlante) using the time interval indicated by the manufacturer. For each resin, 16 test specimens were obtained and then divided into 2 groups of 8, in which one group was submitted to surface hardness analysis without undergoing AAA, and the other was submitted to the same analysis after AAA.
Accelerated artificial aging
After finishing and polishing with the kit Sof-Lex PopOn 3M in a sequence of abrasiveness with intermittent movements, interspersed with the wetting of the test specimens to prevent overheating and surface modification, these were stored in separate plastic receptacles moistened with distilled water to maintain a relative humidity of 100% and kept in the absence of light until they were inserted into the C-UV accelerated aging system 12 . The artificial aging system for non metallic materials is a laboratory equipment that simulates the environmental destructive capacity by physical and chemical means, in order to predict the relative durability of the materials exposed to degradation in the oral environment 23, 20 . Saliva is simulated by the condition of 100% humidity and by a condensation process and by the effect of light using UV light sources with a concentrated radiation ranging between 280-320 nm 12 .
To perform accelerated artificial aging (AAA), the test specimens were fixed with silicone (Rhodiastic 303) specific for this purpose, in an aging machine device, at a distance of 50 mm from the light source.
This machine has a control system that enables to control the programs daily interspersing separate cycles of condensation and UV-B irradiation, which are repeated automatically 23, 12 . The program was set for 4 hours of exposure to UV-B at 50 °C and 4 hours of condensation at 50 °C and maximum aging time of 382 hours.
Condensation is performed by exposing the surfaces of the composites to water vapor saturated with high-purity oxygen. A chronometer indicates the total operation time of exposure to light, and a thermometer with a precision of -1 °C operating at a temperature between 0 and 300 °C. In a few days the machine produces degradations that would otherwise occur in months or years 20 . The C-UV accelerated aging system for non metallic materials was used following the ASTM-G-53 standards 1 .
Hardness test
The test to assess the surface hardness was performed in the Laboratory of Laser Welding and Corrosion Analysis of the Department of Prosthesis and Dental Materials at the School of Dentistry of Ribeirão Preto (FORP-USP), using a Shimadzu microhardness tester, model HMV-2000.
The measurements were performed with a Knoop type diamond penetrator under a load of 50 gf for 5 seconds, totaling 3 random equidistant measurements on each test specimen, covering different surface areas. The indentations were measured by two markings on the vertices of the rhombus in a 40× magnified image, determining the largest diagonal length and consequently, the results of the Knoop hardness by means of an automatic calculation made by the software:
where:
• KHN = Knoop hardness value;
• C (constant) = 14.230;
• C= 50 gf; and • D = length of the largest indentation diagonal The surface hardness values of each test specimen obtained before and after performing the accelerated artificial aging procedure were submitted to statistical analysis using the normality test (Kolmogorov-Smirnovp > 0.05 = normality), the parametric test (ANOVA) and the test for multiple comparisons (TUKEY-p < 0.05 = level of significance). The software used for statistical analysis was NCSS 2007 (NCSS, Kaysville, USA).
Results
The study sample consisted of N = 8 repetitions (8 resins × 2 aging conditions × 8 test specimens = 128 data). An arithmetic mean was made of the 3 readings of each test specimen, using only the averages calculated for each one of the 128 test specimens for the statistical analysis (Table 2) .
In the figure that shows the statistical analysis results, the non-aged composite resins are represented by letters (A, B, C, D, E and F) and the aged ones by numbers (1, 2, 3, 4 and 5) (Figure 1 ). The statistical difference for surface hardness is shown in the figure when commercial brands have different letters (non-aged resins) and numbers (aged resins).
Analyzing a composite before and after artificial accelerated aging, it was observed that this process did not influence the surface hardness of any of the brands under study (F = 0.39, p = 0.53). However, different commercial brands showed different surface hardness (F = 86.74, p < 0.0001), with an interaction between the brand and aging of the composite resin (F = 4.51, p < 0.0002 ). The Z100 resin, before and after AAA, exhibited surface hardness that was statistically superior to all others.
Discussion
Among the known mechanical tests to evaluate and compare the composite resins, the most widely used is microhardness 18 , largely studied and acknowledged as a highly reliable method and able to suggest the pre-selection of these materials 28 . Both physical and chemical processes have an effect on the degradation of the composites in the oral cavity, compromising the material and reducing the longevity of the restoration and its mechanical properties 15 . Mayworm et al. 17 , reported that the microhardness of the composites decreases after storage in artificial saliva. Another attribute that may be modified over time is the degree of polymer conversion of the resins, which is closely related to microhardness 10 . To evaluate the long term behavior of materials in a short period of time and in a standardized way, equipment that promotes accelerated artificial aging may be used, which simulate the existing conditions in the oral environment 4 . The manufacturers and the literature classify the composed resins according to the number, shape and size of the filler load. Regarding size, the resins are divided into: macroparticles or conventional (8 a 10 µm), microparticles (0.04 to 0.4 µm), hybrids (0.4 to 1 µm) and nanoparticles (5 to 70 nanometers) 5 . Continuous changes are performed to improve the mechanical and aesthetic properties in resin compositions, as for instance reducing size and increasing the amount of inorganic particles 22 , in addition to changes in their form and distribution, hence reducing the wear and degradation associated with the polymer matrix 2 . Although this technology is applied to improve the mechanical properties and manipulation characteristics of the materials, little is known about the effect of time on these composites, and the changes caused in the mechanical properties. Thus, this study evaluated the performance of resin composites with different inorganic particle sizes in order to verify whether this factor would result in a greater or lesser stability of the material with regard to surface hardness over time.
The equipment used in this study promoted degradation of the resins by the pre-fixed cycle of the device that uses ultraviolet light, humidity and heat 12 . This study demonstrated significant difference between the resin brands with regard to hardness, therefore a comparative data analysis was performed among the resins, in which it was observed that some groups presented a similar behavior before and after accelerated artificial aging: Herculite (microhybrid -60% by vol -0.6 µm) and Tetric Ceram (microhybrid -60% by vol -0.7 µm); P60 (condensable-61% by vol -0.01 to 3.5 µm) and Z250 microhybrid -60% by vol -0.01 to 3.5 µm); Charisma (microhybrid -60% by vol -0.02 -2 µm). Seasons (ni -0.04 to 3 µm). Tetric (microhybrid -60% by vol -0.7 µm); Seasons ni -0.04 to 3 µm) and Herculite (microhybrid -60% by vol -0.6 µm); Herculite (microhybrid -60% by vol -0.6 µm) and Supreme (nanoparticulate -59.5% by vol -5 to 20 nm).
The results suggest that AAA did not affect the surface hardness of the composites studied. However, the resin Z100 (microhybrid -71% by vol -0.6 µm) can be considered the ideal material as it presented greater hardness when compared to the others, both before and after AAA, suggesting that according to the composition table indicated by the manufacturers, materials with higher silica/Zirconia have better surface hardness.
The area-volume ratio of the composite particles is more favorable to the mechanical properties when they have smaller-sized particles, and consequently a greater percentage by volume, which results in a better distribution, since the distance between neighboring particles becomes smaller, thereby increasing the contact area 29, 30 . This condition justifies the results of this study where the resin laden with the greatest volume of zirconia and silica showed better performance regarding surface hardness when compared to the others. Although the results are only numerical, the resin groups showed an increase in hardness after aging and the others showed a decrease in hardness, and in all groups where this factor was evaluated, a similarity was observed in their composition, particle size and shape.
Several studies have shown that hybrid composites present a higher degree of surface hardness and of conversion when compared to nanoparticle composites 25, [27] [28] [29] [30] [31] and a positive relationship between hardness and inorganic particles. However, Beun et al. 2 , report that nanoparticle composites show mechanical properties similar to those of universal hybrid composites, and can be used for the same clinical applications. In the present study, although the resin with greater load volume (76%) presented intermediary surface hardness results when compared to the others, its particles are classified at the nanoscale level.
Studies have demonstrated that water absorption by the matrix and oral temperature conditions may cause failures in these materials, altering the cohesion between the matrix and inorganic particles, consequently reducing their mechanical properties 22, [7] [8] [9] [10] [11] . The results of our study confirm this assertion since the resins with an organic matrix similarity showed similar mechanical behavior with regards to hardness.
The methodology used showed that in all of the composites evaluated, the effect of aging was not significant to contraindicate their applications. The fact that the microhybrid resin with 71% loading of silica and zirconia showed better results does not counter indicate, for example, its use in posterior teeth, since it had a superior performance than the composites developed specifically for this purpose, as is the case of packable resin with zirconia/silica 61% vol. (0.01 to 3.5 mm).
In this study it was observed that although some resins have the same classification in relation to particle size, they show some behavioral differences, suggesting that differences in the properties of composites are related to the current volume by weight, type and distribution of particles to maintain the stability of the materials. The microhybrid composite with the highest volume of silica and zirconia particles showed the highest hardness values.
Another aspect to consider is that although the percentage of load weight given by the manufacturers is similar, the particle type interaction, such as quartz or silica and type of organic matrix, probably influences the mechanical properties of the materials studied. In other words, to conclude the results and for a greater understanding of the mechanical behavior, a characterization analysis of the material is advised, if necessary.
In this study, comparing the composite with the highest surface hardness value to that with the lowest value, both had the same organic matter composition according to the manufacturer's specifications, which in this case attributes the responsibility for the increase in surface hardness to the filler load, in volume and distribution.
Thus, as the surface hardness increase is due to the inorganic composition of the different brands of composites studied and as there is no influence of accelerated artificial aging on the resin groups before and after aging, it can be concluded that all composites are chemically stable and can be indicated for dental restoration, provided they comply with the manufacturer's technical principles and guidelines.
Conclusion
It was concluded that:
• Accelerated artificial aging did not influence the hardness of any of the resin composites. However with regard to hardness, there was a significant difference between the resin brands.
• All the brands have elements in their composition that maintained their formulation stable, even when submitted to this aging system, since they presented no changes with regard to surface hardness.
